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microarganisms during their metabolic processes,
[0t s b conjuielion wilh microorganisms il s ey
vhe muan's wiste and produce his fool, These Tun-
damental Tacts have been known and taken [or
granted by man for hundreds of years. What man has
pil ke, bt s beginming to rewliee, 1 tlial panurl
Iaclogical processes involving the symbiote relation:
hip between ceriain plants and microaTganisms can
alsan b wsed 1o vofrect environmental anbalanees
cinsed by industrial development and environmentisl
lsvse, 0 wirefully manipulated, The hirnessing of
auntnritl iobugica | processes is essential for man's -
P Dl and ecomomical grossd .

e disposal of hasardous chemical waste by deep
sl et and improper lund Gl operations in e
Uit States is slowly contaminating grouwnd wiker
sipplies from wiidchi o large part of the population
reveives their drinking water, Suplace water coniami-
st frasinn pecicddends wnd impropetly trested waste
dischurped im0 magor river systems has been a prab-
forn iy Phie LIS, Tor many yemrs, A good example is
the Bissksipp River which is contaminated with in-
el whiwicals andl s still wsed as drinking wale
Pir i Dwssiaiids of pl.‘l:l-pll.‘.

Eaiginig (b st seven years MASA s condusied
pescsiich al the Mutional Space Technology Labora-
fotes ONSTLD e Mississippd on the utilization ol
Inwlogical processes for the efficient and economical
Prsatiiient of demestic and chemidal wasiewiler gen:
crated gt NSTL (Waolvernion and MeDonald, 1497,
BuTa: Walvertan, 1979 Meldonald and Wolverton,
Fus). The vascular agquatic plants used in the firs
sppdies were Mosting species. The Dwa major spevivs
s he witer hyacinth (Eichkorme crazsipes) and
ik wanl {Lemag sp,oand Spirodfele spa). This e
il wais bighly sueessiul and Led 1o ihe imsialls-
P ol simiple, cost effective wislewster freatment
syttt il MSTL and developments and communilics
e o, Tenas, amd Calilormia,

Baeovntly o advanced patural waslewaler Ireils
pent paeseess has Been developed by WASA which
canmnbinnes someerolae okl Bleer echisolopy orig-
vially asored By Young amd SMeCary (F969) wilh the
soscithinr pliont wisiewnier breatinanl technology Lo

el ane elTwcient bybrid system SWolverion,
BOED L, s systeim wses raoked, vold-ioleant planis
skl gis Dlie eommmen e H'J'l.r'u',l._'rnru'.t N T Y |
o g on Ui surlece area of a microbinl rock Tl
Pl The microbial Bler-reed system i adviinniges
et L Thoaming, wgual iy plant systens i thanl wasle
warter i oy exspeased 1o the anmespiere alver eci-
ek, ligher  ehemneal  gonecemeaticns  vian be
torlerinhed begause af the high surface microkial Dlicr,
sed Al systeo can b wsedd o colder climates and
caliiine environments with higher sall concemir-
bociuse ol the  salee g celdstoberin
liaracteristics of reeds,
Sihwsgh thas oy systein wos evelaped T
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dumestic sewage, il s demanstrating greal pateniiil
in chemical waste treatment amnd donking water ap-
plications, Two organics, phenol and m-cresol, were
selected For study. Phenol s one of the most impaor-
fant industrial organic chemicals in use today. 1 is
used in the manufaciure al’ phenolic resing, epoxy
resimg, herbicides, and nylons, 1L is also an imnapen it
industrial and pharmaceutical solvent, m-Cresol 15 a
phienlie compaound which is wsed as o dishndecing,
an intermediate Tor symhetic resins, a solveni lor
enamel and paims, and fn reclaiming rubiber, Mhignals
were chosen as i starting point in this area al study
Pegause they hove become a mujor comiaminant in
the Mississipps Hiver.

Kevent evenlys cofficerned with the diselunge of
large cuaniitivs of phenol imle the Mississipm Biver
postl of Mew O leans and subseguent Contuminatiosn
of the city's drinking water deosonsirated e need
For elficient, mespensive meins oF renwoving phenol
und other toxie and undesirable chenicals Trom con:
farmsinied drinking waler,

EXPERIMENTAL SYSTEM DESCRIPTION

Thie expreriivental sysiem alossn i Figare | eonsisted
of o metal rough, 50,5 cm W = 298 cm L % MLS
v 13, The battom 16 om of the trough was filled
with 2.5-7.5 ¢m diagmeter railroad rocks covered with
S om deep of 0,25 1.3 om diameter pea gravel. The
common reed (FRRagriies St dnis] Was growin
pop with its soots eatending down through the nosck
filter, Two other identical roughs werg alo studivd,
Ohe Lrough contmned cattail § Pypha fadifeafany e
siead of reed, and the other trough wivs kept Iree ol
planis in order 1o wssess the microbial activity of 1he
rowk Tiber mlone, Thie camtail trough wics wsed only in
the phienol stwdy. The hree iroughs hod  been
matured For el months with domesig  sewage,
Therelore o ligh anaerobic micrehia) population i
Brew well cstablished on the reck surlaces prior e
lais stwdy,

[Mie eaperimenial iroughs were msntained in a
grevnhouse. The minimum and maximum tenipera-
tures during the stedy period were 26" and W00,
respectively,

Falvyawsen Biers of waler abiiimad Trom e B
Pearl River at BNSTL was added o each trough.
Pl o megresol wos added 1o ihe swatdér and
sumple removed prior e introducing a0 inio the
e, Suniples were remaoved By o botiom oullel
i end ol waeh teough. AL the end of ¢ach batch
study  period,  Goal sanples were removed,  The
troughs drained completely, and a new experiment
staried insinediiely.
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Morlseds (P97 Tor iodal organie canbson L TOC) using
e itrarcd-combastion method, 5-diay Biochenmil

' ekl e (RO wsing @ DO memilkseing
prle, aid chemicsl oxygen demand (COD) using
e dichromate refus method, Plenol and mecresal
were anilyecd with o Yarian Sodel 2 10 gas clirie
makdgraple wsipgy @ 18 om = 38 os siainless sieel
calumin paeked with 5% lree Gany o o0 GOy H
sl Chroamusork Woand & Mame warzation delec
. Ulie dingestion wimperature was 2080°C, 1he col-
v lemperature W65C, and délector temperalure
R Thae mierogen worrier goas ITow wiks mainiained
ar Me mlS g The phenol and  mecresal relentivn
by were 24 pd 3B minutes, respestively,

RESULTS ANL IMSCUSSION

Pl resulis orgamieed in Tuble | ore the mean of lve
veswentive phienol expermments. The concentrations
i sl correvied for wister Do u e B evaparanig o
wrapiransporaiin. The phenol removal patterns lin
sy wsperiinientn ] trough ks graplically compared i
Figure 2. Doring the Tiest 24 hours, 1the anaerabic
Bler wlone removed 60% of (he intial 100 mgsd
plienol. With T, fargfodia in the sysiem, 83% way re.
vl alter 240 hours, The 0 oty syl
remiaved Y39 during the firse 24 baurs, Wolverion
il Mokown (1Y78) bad previonsly reprorieed thial
HEE mg/l phenol solution in river water would
ety e only 3% of the phesel afier 24 hours o
iblaswiedd tor sit undistorbed witnes) sny ezatment, In
the Walverion and Mok own (1970 sudy, el
hiwrrii crassipes in phenol-comaminated river waier
aimeed D% i B4% in 24 aid 48 hours, Fesprn
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tvely, The large initial drop of 1the phenol concen-
Erbissm i the viver swater s probably due o rapid
wdsarprion of the phenol when fresh solulions ure
dehedd Bollowed by microbinl degradation, The filters
dud it display saturation and phenol bleeding dur-
g wny ol the e phenol or three mecresl EXNIETi
men s Wolverton and MeKown (1976 found thai £
erasyipes remaowed oo metaboliced plienol to oler
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woniprnels, Seidel (19665 also Found et bulrusy
A Seeepis faerstesh could remove phenel, However
s cngraments demonstriied than 5 feceseeis oid
et Fully mictabobize the phenol, Insiead o portion
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Ehe 14020, WOMY and 0 duia Tor phenol
praiplicdd o Pigures 3-8 pespocively, selleciod the L
ol plenol. However he comceniosiwms of e
pranobiciers remained elightly higher than would be
caprecled based only on e remaiinng phenol conven-
Painens, Tl saggested thal most al’ he phenal s
Pl Ly dssiulaeed by (e miceolora anddor plangs,
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cifgainics which are shll present Tn salalion dier A8
lowirs.

Forllawhing tha phepol esperimeinns, threg £omseda
tive meciesnl experiments were performed wsing Lhe
sanne P oveenieriieenie aied plivons Tree anaerabic Tilier
systentis. The micans of three experimenls are shown
i Tilsle 2, These thier expegiments were maonitored
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dostbog the fiest M-8 minuees of exposure 0 order 1o
st Fusthwr evidenee o o sigoilicant il -
sorpilnnh efleci. The plani-trce anacrobie Diler low
12% and 58%0 of the initial me-cresol after 0.5-1.0
dnel 2 howrs, respectively. The resulis of ihe
negtesol removal is shown in Figure 6. A& comparison
ul the phenol curves in Figure 2 sind the meeresol
curves in Figore & show that the syuem does noi
ive mecresdl as rapidly as phenol, This is proba- -
by cue Lo the incredased toxwity of m-cresol (o the
i rohel popalition, The plats did nod exlibit by
Phvsical signs of stress dunng the entire series of
TR,

The TORT, BOTy o OO el shown i Figuines
Tt respectively, tadicule tial he meciesal feimasal
andser degradanon process s sinlar 1o that dis-
cutssed for phanod
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svaaibis bive great polemtial inothe Dkl of organic
il waste treatment. This seeeeniag process al
Pt UL s just g, The methodys and procedurcs
e Defiog relingd o order 1w use ceniinuous Mow
svslens 0 dererming  minimem  relention  linwes
Pselore saturation oceurs and miaximum concenlr-
Py which can b toleraied by the system e lore Hhe
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mierakdal popalsvion is reduced or the plants display
lonie eifects,
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